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£. 4 
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1020030070670 ^^ 'U^}: 2003/11/14 

<^1^ Jl^i^ ^#^7] {GAIN CLAMPED SEMICONDUCTOR OPTICAL AMPLIFIER} 



£ 1^ #2fl^ DFB ^^^7l^ 7^2^ o.^ u|-Ef«^ ^^^-£. 

£ 5^ SIG ^^^^] i4€- BH 5^-^ tiJrS^l W^7l» >i^e>7l ^^^^S^, 

S. 6^ WIG ^^1 tiVS^fl ^##71 » ^^s:l-7l 

£ 7^ WIG «J-^<^1 ti>:£^] :g-^s.7]^ ^^*>7l ^tb ^^^5.. 

£ 8a^ ^ ^^^31 HV^^lt!: ^12 <^]^ ^^^71^^ 
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^^030070670 'U^}: 2003/11/14 

£ lOa^ ^ ^^^^ wV^^^> ^13 ^Alc^lcfl 4= o]^ ji^^ wVi^l %^^■7]B\ 

£ lOb^ S. 10a<^l 35. A] ^ ^^-^71 2^ 

£ 13^ S. 12<^1 £^1^ tiVtE^l %^s.7]$] ^o]^ s.B.m ^^^^ :3.2flS. 
£ 14^ £ 12011 £^1^ ^^^7]$] o]^ S-A^^ M-El-tfl^ nsflH, 



<i8> ^ ^1^^ ^^^1-^ ^#^7Hi ^t!: ^-^s., ^^ o]^ 
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1020030070670 ^^ <^^}: 2003/11/14 

DFBCdistributed feedback) DBRCdistributed Bragg reflector) 1: 

<2i> £ 1^ ^Efl^ DFB aVi^l %^^■y]^ T^^^* 7fle^^ o.^ q-E]-^ ^c]-^:£olcf. ^7] ^ 

£^1 ^^^71(100)^ 71^(110)4, ^^1^(120)^, ol^. £E).s.(130)2i-, S2fl = (140)# S.^ 

<22> >^7l ^^>#(120)^ ^7] 71^(110) ^<^1 ^^1 ^oH1 tfl^H ^7l# 

^;^>(125)1- i^ttcf. -^71 o]^ £51-5.(130)^ ^7l ^^l-f^(120) :i ufl 

-^^ ^^W. ^7] #Bfl^(140)^ ^7] o]^ £S)-^(130) ^Hl ^#^t:l-. 

>a-7l 1-Efl:^(140) ^ ^^}#(120)^ -^71 o]^ :£s|-S.(130)Sl ^7] tJfl^cHl, ^7l 

^1^ £21-^(130) 7}^<:>] 
<23> ZLfilM-, >a-7l DFB ti>:£^i ^^^71(100)^ ^as^q- ^^1- ^i7> <y7> ^ 

s ^^oil 421- ^*>fe '^■71 o]^ £2l.s.(130)«11 ^*>£^ -^71 ^;^l-#(l20)o1 ^^^slo] Si7l 

«fl^«Hl ^71 ^>cKl25)sl -B-JL ^7\■ ^7]7\ ole]^ A^l-ofl w>^q-. ^7l ^;^> 

(125)^ -a-JL ^7l7> w>^^ ^V7l ^;^>(125)<^1 2^1<^1^^1 "yr^^^sl^l ^tb^^". 

Sl^ aVS^fl ^^^71(100)^ o]^ l-<y:^>7ll £1<H ^5fl 5l£^l-^ol Ji^^si ol^ 

^^^^ ^71 O^^Tll ^1^. 

<24> olsq. cf^ o.^Al ^efl^ DBR 1}-^^ £.5^3. ^^\^ £.5)-S» 

^>i- 5£^*>^ ^A%-'>] n^]^^. DBR 13-^^ ^A7\ £45.^ o>2floii Hfl^isicH oxd\^.^ 

^7H 4^ ^^1 ^-^1^. -ysfl -B-a ^;^> ^7l7l- ^tii «>^;^1 

30-7 



1020030070670 ^^ 'U^}: 2003/11/14 

Tfl o]^o] oicf. ne^u}, Ai-yj ojs. ^ £21-^^ ^ ^l^o] DFB 

a>£^] ^^^7lS] ^^^^ ^i^H^c}. DBR aVS^l W^7loflAi ojs. :£s)-sofl 

<25> j£ 2^ f^Bfl^ WlH 2:<?1H DBR «>£^1 ^^^7l^ 7fl^^ ^ 

^^S-Ojcf. ^V7l tiVH^l ^#^71(200)^ 71:^(210)31-, ^x>f^( 220)31-, £3i|-S-(240)^. 
^ll ^ :^12 £21-^(230,235)^, #2fl^(250)l- 5£^t!r4. 

<26> v^7l ^y^>^(220)^ ^7l 71:^(210) ^<=^ ;^ll ^ ;*ll2 ^-?-«Hl ;^ll ^ ;^12 ^;^> 

■i-(222,224)* 5L^t]:Cl-. ^^"71 ^1^ S.s}-S.(240)fe ^7l ;tlll ^ ;^12 ^^>*(222,224)3)- ^s:>^l 
^V7l ^^>^(220) ^<H1 ^l^sli^. ZL ifl^^ <y^^ ^ 
^ £.31-^(230)^ ^^-71 o]^ £.s|-S(240)^ ^^^^l- ^§l-£^ -^"71 ^^>^(220) ^#5li^, 
^7] £S|-S(235)^ ^^-71 ol^ £S|-S(240)5l El-^sl- ^*>£^ ^7] ^7^%-(220) ^ 

•=•11 ^7l #Efl£(250)fe -^>7l ol^ £31-^(240)31- ^1-71 ;5lll ^ ^^12 £5l-^ 

(230,235) >^<^1 ^^^nl-. ^7] #511:^(250) ^ ^;^>^(220)^ ^g-^l o]^ £3x1-3.(240) ^ 
£3^S.l-(230. 235)51 #^1-1-:B.c1- ^^1=1-. 

<27> nelM-, ^7l BlH 2:<aH D-^^l DBR til:£^1 ^^^71(200)^ ^l^^>7l ol^l-fH, ^7l 

ols. iB)-S.(240)5!l- ^7l 4 £31-^(230,235)^ -^^'^1^1 aVA>7l- ^^5^1-^ 3il 

^ ^ ^Jl, Jl^£ ^o>Ai ^7l ^£^1 ^^^71(200)^ ^^^^ ;<i*M7'l^ 

^^1^<^1 ^1=1-. 
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1020030070670 ^^V: 2003/11/14 

<28> S. 3^ ^efl^ '^If' DBR ti>:£^l %^^-7]2] ^^^^ 7M^^S. M-Ef^fl # 

^^gsolcf. ^^^71(300)^ 7]:&(310):ii}-, ^;^l-f^(320)4. £s|-^(330)^, 

o]^ S.s|-S.(340)sq-, ■i-2fl:E.(350)» 
<29> ^^l-#(320)^ 7]:^(310) ^<^1 H *y=^-¥-<Hl ^11 ^ ^]2 

(322,324)-i: ^L^ttcf. ^7] S.s^S.(330)^ ^7] ^;^>f^(320) ^Hl ^7] o]s. 

£51-^(340)^ -^7] ^-g- £5^-^(330)^^1- >^l-7l £3x1-5.(330)^ ^<^] 

n xfl^S. ^^Sl- ^7l #efl^(350)^ ^7] o]^ £345.(340)* 

#e.1^1-£^ ^7] 4x>#(320) ^ #2fl:^(350)^ ^7] o]^ £3x1-5.(340) ^ £ 

3X1:5(330)^ ^^#.a.cf ^^1:^ ^^^i^. ^^7] £3i|-5(330)2l <^^^o.^ <^g^^ ^ 

in ^^1- ^^^^71-, ^7] ols. £ix|.5.(340)S. ^ol5]ol ol^.^ c^A] >^7l ^ 

^ £ixl-5(330)S ^ols^o^ ZL Hf^^ ^5fl #^^4. 
<30> ne^i-l, ^7] o]^ £3x}-5 «c}-^Sl DBR w]:£^l ^^^71(300)^ o]^ £3x1-5(340)^ 

^7] £3x|-5-(330):?>Sl s:^<Hl t!:^l7> ^7l ufl^o)] ^l-7l al-^^l ^#^71(300)^ 

^^^^ ^-l^H^l^ ^^l^^l 9X^. 



[^r^o] o]^j7^> 7l^^ 3Zl-^]] 

<31> ^ ^Vi^^ ^^tl- ^2flSl ^^1^^ ^^^1-71 ^-^SAi, ^ ^1^21 

£3x1-531- £3i|-5* ^£5 ^A^^W ^51 *>M-^ ojs. £3i|.5i?> 0.5. zjLA^§].^A-^£. 
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1020030070670 #^ 2003/11/14 

tifl^l^ ^11 ^^>» ^Hl*]-^ 5L^t!-cf. 



<34> £ 4^ ^ ^1^51 a>^2it!: ^11 ^^Hl^^l i4€- ^^^^ ^^^] ^^^-^ 

u|-Efifl^ ^^^5.ol4. ^7] ^#^71(400)^ 7]^(410)3il-, ^^>f^(420)4. 

S.(430)^. #5fl = (440)fi1-, ^11 ^ ;^12 -¥-til:>^V^(450,455)* i^t!"^. 
<35> ^^>#(420)^ ^7] 71:^(410) ^<H1 ^f^S^D^, n ^11 ^ ^12 ^>^># 

(422,424)# ^^7l o]^ H2]-S(430)^ ^^7] ^ ;^l2 ^;^l-l-(422,424)4 ^^rV:£^ 

^;^>f'(420) ^ofl ^f^SlDi, n xfl-^S. ^7] #Hfl:£(440)^ 

^7l ojs. £.ji|.^(430) ^oi] >a-7l #211:^(440)^ #^1-^ ^7] o]^ S.si^S.{430) ^ 

^7] m -^^^>#(450)^ ^7] aViE^l ^##71(400)^ 

^7l m -^^^>#(455)^ -^7] «}-£^l ^^-^71(400)^ ^<H1 3.^^^. 
<36> o]^ £2}-S(430)^ InGaAs, InGaAsP, InGaAlAs, AlGaAs. InAlAs ^ sj-^l- ^S.^] 

^}^7}:^]S. DHCDouble Hetero) SCH(Seperate Confinement Hetero) 
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1020030070670 %^ 'U^}: 2003/11/14 

, "^^^l ^ 9X^. ^7] #2fl:E.(440)^ ^7] o]^ :£S]-S(430)<^1 ri^s]- 

InP, GaAs ^ ^^7] o]s. s.3]-S.U30)St]- <^l3X)^^(epitaxial) ^^^<^1 7l-^*l-J7 ^^^o] ^ ^ 
^ ^ 9X^. ^7] ^;^>^(420)^ ^7] #Efl:E.(440)^ ^^fe 1-^ 

^ ^7]^o] yfl^^ >^V7] #5fl:^( 440)5*1- ^7]^O^S. 

<37> ^7] ^S.^] W-^7l(400)^ DBR 1}-^* ^Bfl^ o]^ SE^ v]^ 2z9l 

B ifj-^^^l^al-^ ^7\ o]^. S.s|-^(430)7> -^7] ;^ll ^ ;^l2 ^;^>-i-(422,424)32l- ^isVZL 

^cf. -^Jl ^sl-ofl 421- S.^7} ^t}^ ^-foilH ^:=(stop band)* ^ 

^ DFB ^^*>7fl ^*>^1 ^71 x>fl&<Hl. oVS^l ^^^71(400)^ <^1^ ^^J<Hl£ 

^^tt ^sl-l- ^fecf. ^>7l tiVi^^l ^^^71(400)^ €-2-^ ^>^1 ^7] nfl 

^ll ^ >«112 ^7^X422, 424) 7> ^VjE-A] rfl^l^ o.^ ^a^^ ^.S.^ ti^. ^7] ;*ni ^^>(422)sq- ^ 

7l ;^]2 ^^l-(424)^ i=f^7ll *>^, cfl^ ^^^52f ^^^ol]A-l :^;<> 

^ ^£1- cf^Tll ^>fe ^^1 7V^^>J1, ^^>^ ^7l o]^ 2,^^ ^ 

cf. ^7l ;^ll ^y^}U22)^ ^^>^# ^^71 ;t|l2 ^^>(424)o11 HTfl *>^. >^ 

(422)1- ^71 ^£^1 :^^S.7l(400)^, ;^ll rj-ofl 7}^?]] ^^^«>fe ^o] wj-^^^Vc]-. 
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1020030070670 #^ '^7^: 2003/11/14 

^7] ^11 ^-^^^Ei 3:^ ^^o]^^ ^7] ^;^}(422)» ^^^^}^ ^7] ^11 ^4 ^V7l ;^ll 
^;^l-(422) ^^<^l^i ^-£7V ^^*>7l nfl^olcl-. 

7M vc^^\r ^^^^ SIGCStrongly Index-Guiding) WIG(Weakly Index-Guiding) ^^^o]] 

^-g-m ^ 9X^. SIG <^1^ £3^-3.1- '^^^ ^i^lS. ^12]-^>J1, Mtil ^1 

^ ^^j^M 2.^* 7>^^ l}-^*^!^!-. ^isit!- 

oil -^1-71 o]^ £5l-^7V l-Hfl:BS. 9X7] ^^<^] BH(Buried Hetero) ^Se|-al 

£ 5^ SIG BH ^2:1- ^-£^1 W^7ll- ^^^V7l ^^V 

^^^Holt:].. ^7] oVS^l ^^^71(500)^ 71:^(510)3)-, ^^>^(520)a!f , 0]^. iE.sj-S(530)^ 
. ^11 ^ ^12 ^mf^#(562. 564)21-. #2fl:B(540)« i^tVcl-. 

^1-71 ^^>#(520)^ ^71 71^(510) ^Hl H <y=^^^l ^ ;^12 ^7}^ix2] 

S.^])o] ^71 ols. £2).s(530)^ ^7l ;^]ll ^ ;^12 ^7}^J!^ ^*>£^ ^7l 2^;^># 

(520)^ ^<^1 ^f^Slc^, n ^Ji\^S. <?1^€ ^^:^» ^^ttcl-. ^71 >ill ^ ;«112 

:^l-^f^l-(562,564)^ ^J-7l ol^. ^21-^(530)0^ c>^^.^6\] ^7] ^7}%^i520) -^Hl ^# 

^7l #211 J= (540)^ ^11 ^ ^12 ^>^f^-i-(562,564)3Jl- -^1-71 ol^. £21-5.(530) 

^Hl ^7l ;^ll ^ ;^112 ^-^ ^l-^#l-(562,564)^ >S-7l o)^ £34^(530)1- 

#Hfl^ 3:>lgA-l -^aHI Ol7|.^ o] £B|-^(530)S ^^£]£.S. ^j.^ 

^^7] l-EllJB(540), H^Jl Al ^ ^12 ^>^#*(562,564)^ #^1:*^ ^7l ol^. 

£31-3.(530)21 ^^l-licl- 
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<4i> WIG 1}-^^ <^1^ -a^Jtb Mwl* 7>^*H ^JI f'^SS. 

-B-^lsVs], ^7\%^ o]^ £sl-^<^]lA^ S.B.7} ^IM-^ ^^^11- S^^^^^M), ^J: ^ 

^1 (ridge) ^^5+ sl«.(rib) ^^^^f. 
<42> £ 6^ WIG «J-^<H1 ^fe ^£^1 %^^■7]% ^'^^1-71 ^tt ^^^^£^1 

^7l ^£^1 ^^^71(600)^ 7l:&(610)4. ^^>#(620)4, £2)-S-(630)sq-, 
(640)» 

<43> ^;=^>#(620)^ ^>7l 7l:e:(610) ^Hl ^f^sji^, :3. <a=^-^oi] ^^1 ^ ;^12 ^^>«-(^l 

^^^€^1-. ^1^ £21-3.(630)^ ^1-71 ^]l ^ ^12 ^5>£^ ^1-71 ^x># 

(620)S] ^>a-^ >a-<Hl ^#5]ti^, n ifl-^S- <?3^^ #Hfl^(640)^ -^-71 o] 

^ £s}-S(630) ^ofl a:^7]. ^]i4- ^A] «.^oilA-l -i-^^ 3i^l(645)» S-^t!: 

^^7l #5fl:E.(640)^ ^^1-^ ^7l ols. £B}.s(630)S] ^^Ir^ic]- ^i::]-. 

<44> :£ 7^ WIG «j-^<Hl 4€- Blti. 5^-^ ^£^1 ^#^711- ^^^>7l ^^i^S^l 

cf. ^7] ^£^1 ^^^7] (700)^ 7lAa:(710)^, ^;^]-f^(720):E|-, o]^ 730)^4, #sfl^ 

(740)* 

<45> ^1-7] ^;^>#(720)^ ^J-71 7]:a:(710) -^=^-^011 w ^^>-i-(i^l 

S-^l)*^! ^^^^t^. ^7] £4^(730)^ ^7] m ^ ^12 ^7^9s\. ^^}^^ ^7] 

(720)^ ^oil ^#5lo^, S.B.7} ^^<HlAi e]ti.(735)» 

4. £5x1-^(730)^ ^ vfl:^^ ^^Jll- ^^tbcf. >g-7l #eflH.(740)^ 

o]^ £3}.s.(730) ^a-^Hl >^7l ^^B.(740)^ #^1-^ ^71 ol^. £31^5.(730)^ 
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<46> WIG ^Z^-^V^ ^F^^^Vfe 3)-^* 71^1^1 ^7] nfl^cHl A]z]- ^ 7ll 

<47> ^H^l :^^^7l^ ;^ll ^ ^12 wVAHl ojs- &|#(gain ripple)* #o] 

^oM ^11 ^ ^12 ^1:* ^^^} 3.^ ^ $X^. #ol7l ^7}^9l ^^-2. 

ois. ^7] m ^ ^12 ^1-^ ^^3). <a^tl: l-^H # =^ 

cf^ ol^A]^ ^ oj^Tll ^>'a ^^^71- ^11 ^12 

*>i=f. ^^^i, -^^^-^.s. 2.= ^'a^<Hi 2.^ 3711- >a-7i ^H^l 

:^#^7l^ S.^ 371 # 71 2.^ <^^-i-* ^7l ols. JEsj-SO^ oJ:cJ.«-6)l ^^^«11 

^fe ^<^1 wf^^^V^-. 2.:^ "^^^ ^wi^V^l ^c-ie^-:^ ^V7l oi^. ui^i^ stII 

^>al ^^lll- nfl-^ ^711 §>Ta, 2.^* jLaifa^ ^ ^Jl 2.:^ ^ ^^l*Hl 

^^>f^2l afl^l* ji^*>^l ^o}s. ^cf. 

<49> ^;^>f^2l -^JL ^7l^ ^^>£!l HVAHi efloi;^-! ^^tVcf. Ji-i"^ 

tiV^^l :^^#7lSl ^c}] 0]^. sl-^l-ticf io~80nm s]-^ ^^"^^l^i A>-g-^l-^ ^^^S^ s)-^ 

ig^^ 5|^A-1 ^;^> ^7l# ^:^^t^. ^7^^ ^ol^ :^^1, Iieljl 
6\] xt[E]- cl-# ^ o^t:!-. ^ ;^112 ^^>1- AiS. cfs. ^ols ^^^^j.^ ^^<^1. ^^-71 ^^U 
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0030070670 #^ 'U^}: 2003/11/14 

^ ^<^1* ^^1 ^o]o] 3_509[, ^ ojji,^ ^7] ;^]2 ^o]^ 0<^]^i^ 

<=H1 £^1^1 W^7lsl eflo]^ M-Bf^^ zieflHolc)-. >a-7l oVi^l ^#^71(800) 

^ 71:^(810)4. ^^>#(820)5q-, o]^ £.51-3.(830)51-, #5fl = (840)l- 
<5i> ^7] ^;=^>^(820)^ ^7] 71:^(810) ^ofl H *a=^-^<^l n^]^ ^11 ^ ^12 ^ 

^>l-(822,824)^ JL^tb^-. ^7] ;^ll ^^l-(822)^ ^7] ^£^1 W^7l(800)^ ;^ll <^]^ 
Slol ^Jl. ^7] ^12 ^>^>(824)fe >^>7l :^^^7l(800)^ ^12 o]^S]o] <^v^, ^^7] 

o]^ £s|-S.(830)^ ^7] >^ll ^ ;jil2 ^;^>-i-(822, 824)3)- ^*>£-^ >^7l ^^>#(820) ^<^1 ^ 
#5)1^. ZL o^^^ ^^ttcf. ^7} o]^ £s|-s.(830)^ n >fll ^ 

;^12 ^^^(832, 834)^ i^^M , -^M 3.^ ^ (832)<^l^i -^-71 o]^ ^s)- 

5.(830)^ >a-7l ^#^71(800)^1 ^fll ^0.3. zl ^o] #o>^1i^, ^^7] ;Hl2 2.H. 

*=g^(834)«^lAi >^7l ojs. £43.(830)^ ^7l ^^^71(800)^1 >ll2 ^.^S 

^ s-o] ^o]-;5lt:f. ^1-71 ^11 ^ ^12 ^^>#(822,824)^ ^ y^l2 2.^ 

(832.834)J!l- ^^1^1 ^^1=1-. ^7l #Hfl:E.(840)^ ^7] o]^ £^^(830) ^^1 ^7l 
#2fl^(840)^ ^^1-^ ^71 £sl-S.(830)5l ^^l-jarl- ^x^. 

<52> ^£^1 ^^^71(800)^ BH 7>;^H, BH ^^<HlAi >^7l z^- S.^ 

(832,834)^ o]^ £sl-S(830)^ S.^^ ^}9^ ^o] ^^7] ^S.^] W^7l(800)^ tfl^ ^cjo. 

#<H1:71M-, MViflS ^<H^ ^ ^Jl. uiti] cflA] ^V7l o]^ £51-^(830)^ 

7} ^ i 9<^] S.^]^ w>5!f ^ol, ^7] :t^^7l(800)^ SMSR<^1 Bflo] 
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^ ^ 9X^. °fl, 2OO111A. ^511^^ O.lnm, SMSR^ 

<53> WIG 1}-^^ ^SM- ^^1 ^s<^l>H5. T^}^7}yqs. 5:1 M^l lJ/2.^ -^^1 

7\7\ ^^>:e.^ -B-Jl ^^^^ ^^l-Tfl ^^1-71- ^^oif ^o^js <^-f. ^^l^^ i?> 

^>7fl ^ ^;=^>(chirped grating)2l-^ t!:^. 5ll<^l^i 2.^^ ^Jl ^/^> 

^ -B-S *fli^§>^ o^ei 7fl2] s.:e.7> -^Ajoii ^^§>7l nfl^ofl SMSRCSide Mode 

Suppression Ratio)*^! #^1 SMSR^l #^1 ^-^<>ll ^5.^1 ^#^7]^ ^ 5^1 o]^ 

i^sf ^^tt sfl^Hi a>o]o^ o.^ FWMCFour wave raixing)*^! 'a<HM--2.S. -^7] 

n ^^^^ ;^i^>^l^ ^ Xi^. ^1^ ^ ^tt FWM3Z1- jL2f» 5X1^1-71 ^tflA^ 

^;^>1- 2.:^ <^^4 ^Tfl 2.^ "^^ofl oi;g^|.^] ^A^^>ig, SMSR^^l «?]: 

<54> £ lOa^ ^ ^'^^ w>^^tb ^13 ^^lc4l<^l ji^^^ til-s.^] ^^^^ 

q-Efxfl^ ^^^^o]jL, S. lOb^ £. lOaofl S.^]^ ^S.^] ^^71^1 5gTa2.«5li^, 2. 11^ 
£ 10a<^l ^H^l %^^-7]3] ^<^]^ 2.J=« :3.2fl = o14. ^^71 aVS-^l 

71(900)^ 7l:^(910)2|-, ^^1-^(920)21-, c]^ ^s^S.mO)S^. #2fl-^(940)» iE^t!:4. 
<55> ^V7l ^;^]-f'(920)^ ^>7l 71^(910) ^ 'a^^-^*^! lifl^l^ ^11 ^ ^12 ^ 

:=^>#(922.924)# 5£^t!:4. ^7] ;«fll ^;^>(922)^ ^7] ^#^71(900)5^ cjaj- o]:^ 

£)<H ;^12 ^^>(924)^ ^7] a>£^l :^-.S.7l (900)21 ^32]- o]^s\o] oxt\., ^7] 
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o]^ £21-5.(930)^ ^71 ;^ll ^ ^12 ^^>1:(922. 924)5)- ^t}^^ ^7] ^x>#(920) ^<^1 ^ 

;5ll2 3.^ <^^#(932,934)-g- , ^7] ;^fll 3.B. <^ ^ (932)^^1 >^7l o]^ i£ 

sl-^(930)^ ^7] aVj£^l ^^^71(900)^ ^ ^-^S. ZL ^o] #o>;^1d^, >y-7l ;=«fl2 2. 

^ 1^^ (934)^11^1 ^^7] o]s. £s|-s(930)^ ^V7l ti>£^l ^#^71(900)^ ;^12 ^^S. ^ 
^^ n ^o] l^df^cf. ^7] ^7:l-(922)^ -^7] ;^lll S.JE. (932)^1- o;^ 

-^1^, ^7] ;^12 ^;^K924)^ >a-7l ^12 S.B. <^^(934)i|- <a:^ ojc^-. ^7] ^sflJB 

(940)^ ^oM '^l^ -£4-^(930) ^^^cf. ^7] #2fl:E.(940)S] #^1-^ ^7] o]^ 

5.(930)^ ^cf. £ 11<H1 lEAl^ w>S!}- ^o], >^7l tiVS^l ^^^71(900)^ SMSR<^1 

^ ^ ^cf. ^7] z]- '^^(932.934)2)- :^^> 

(922,924)71- ^^^7l tifl^oi], ^ j:3ii.7]. ^Aj^>t:^, ols. tl^fl efl^l^^ SMSR<^1 
FWM ^^i-o] ^S}-^cf. o] iq), ^s.^ 200mA, ^^^^ O.lnm, SMSR^ 13dBoli=f. 

:2^^1^>, ^-^<^]^ til^tL> 3.7]$] Sflol^ S.= *ol ;g^3*>7l nfl^ol] ^7l o] 

^ i2)-S-(930) 1^-^ ^£ nl-€- -B-JL :^^> ^7l ^2|-ofl£ eflo];^ s.B.^ ^^7} 

^^^^] ^cf. ^^7] ^v^^i ^-^71(900)0] ^^^^ ^jr^si-^i^i^cfl 7)0^^ ^ $1 

^. <^1» €-<H, ^7] ^^^7l(900)<^l %^^sl >^^l7l7> 7^;?^Ai e 

l=ft:f=^, >a-7l o]^ :EE|.S(930) vflo^ ^£7> ^7>*H ^^>7> 

SHBCspatial hole burning) M-E^-^+cf. o] nfl efloj^i S-JE-^^ ^S)-7l- <y<>m-^^-ll 

SMSRo] ^ ^-f^ ^^7> o]^ II Bl "^^^ 

-f-eoH^i ol^o^ ^-g-ol 4]^>7ll ^cf. SMSR^^l o] ^sl-7> ^7] ^cfl 

^^S. oj^o^ ^:^ol ^nV^l-cl-. o]^^^ ^7]■^ s.^ <^^^ A^^l^Vinu): ol-q^ 
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zLsflHoitH, :£ 14^ £ i2«^i HAi^ ^^^^ 3^^^.y]o^ o]^. q-Bi-te^ nsfl^oicf. 

7l «V:£^1 ^^^71(1000)^ 7l3a:(1010)3|-, ^;^>^ (1020) 5^1-, £.311-^(1030)51-. 
(1040)^^-. ;^ll ^ ^12 ^«1:A>^( 1050. 1055)^ i^tti^. 

^;^1-^(1020)^ ^1-71 7i:sa-(ioio) ^Hl n <a^^<^l lafl^l^ ^;^Kl025)# 

i^^tq-. ^7] o]^ £2|-s.(1030)^ ^7] ^^>(1025)sl- ^*>£^ ^7] :^;^1-^(1020) ^ 
H ^^Jl* ^^tl-cf. ^7] #2fl:^(1040)^ ^71 o]^ £irl-^(1030) 

^oHl #2fl:E.(i040)^ #^1-^ ^7] o]^ £4^.(1030)^ ^cf. 

7] m ^^>^>#(1050)^ ^7] ti>£.^l ^^^71(1000)^ m ^<H1 3.^^JL, ^7] ^^^]- 
^^(1055)^ -^71 ^^^^71(1000)^ ^]2 3.^^^. S. IS^fl^. -^-71 ^f^^ 

7l(1000)<^l 200mA^ ^7>t!: ^-9-^ efl^^l^ 2-^1- M-eI-^^ ^2flH7> $Jc|-. 

£ 14<H1^. ^7] tiVs^l ^#^7l(1000)«Hl 200mA^ ^7>^>al 1550nm ^^^^ ^^^1- 

^^^1^ o]^ ^A^* M-Hftfl^ Ii2fl^7> £Al5)o1 o;t^. 

^7l oVS^l ^##71(1000)^ ^d^^^Bf ^^>^ s^H 'a^^^ 

^##7i(iooo)£ ^^1 0^11-^1^ t'^^'^l 2-^ "^^-i-^ 4^ 
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<60> s. 15^ ^ wV^^tb ^15 ^Al<:^lofl 4^ o]^. ji^^ :^^S.7lo^ ^^^-^r 

M-H]-tfl^ ^ci.ig:£oii:f. ^1-71 :g.^^7](noo)^ 7i^(iiio)3l-, ^^>f^( 1120)21-. 0]^. 

£Sl-S.(1130)^. #2)1^(1140)5^1-, -¥-^>^l-f'(1150)2l-, Jl«l:A>f^(1155)* S^^^l-. 
<61> ^7l ^^>#(1120)^ ^7] 71:^(1110) ^«H1 ^#£ll^, ^7l HV^^l ^^^71(1100)21 ^1 

1 ^"^l ^^-^<H1 «fl^1€ ^^X 1125)1- Sf-W. ^7l ol^ £2l-S.(1130)^ ^>7l 

(1125)21- ^^}^^ ^7] ^^>f^(1120) ^#51^, vfl-^s. <?1^€ ^^Jll- ^^^1:1=1-. 

>a-7l #211:^(1140)^ ^71 ols. :£5|-^(ii30) >a-<Hi ^f-^cl-. ^1-71 #211:^(1140)21 -i-^i-^ 

^71 ojs. £21-^(1130)21 #^l-^t:l- ^cf. >^7l -^^A>^(1150)^ ^71 ^£^1 ^#^7l 
(1100)21 ^6\] 3.^^31, ^^7] JL^^}^ai55)^ -^7] ^^^] ^^^71(1100)21 ;^l2 ^<H1 
^7l tiV^^l W^7l (1100)21 ;^ll c]-^ ^^:£«:>fl cfltb ^#^^^1 ^t^. ^7l 
ti>£^l :^^^7l (1100)21 ^O.^ <U^^ %^SL^ CfAl ^7l ;^ll ^0.^-^Ei #^^4. 

<62> .^V7l «V£^1 ^#^71(1100)21- ^2:* ^^V* ^VA}^ ol S. ^ ti>£^l 

#^7lel-al ^}^^, S^>M-2l o.^a.E-1 «?]^^<^> ^^tb ^ "g-^t!: ^^a-^S. 

#^s:>7ll ^nl-. ^, >a-7l «]-£^l ^#^71(1100)21 ;^ll ^^^71- ^#^^t^-. 

^^-i^Tii ^>Ta, <^y^^ %^ 5>42i ^•^j^7> ^^^>7i «iig-oii, ^^-b- 

21 A>-g.^^ ^«V-2.S. ^ ^1=1-. ^^^21- >a-7l «]:£^1 ^#^71(1100)21 1 

^^Jr ^}^^ Sl7l ttfl^^ll i;^>l- ^:^^ Al^uzf- til-g-^ oj^ ol^ol oj^cl-. ^7l 

A>#(ii50)^ <?^^ ^^J:2l- %^ ^A>i- #oi^ 7l^^ tb^-. ^^>» #<^l7l ^tb 

^7}^9l ^^1^ ^^7l o]^ £21-^(1130)1- ^1-71 ^21 ^^21- <^^^t]: 

# ^ 9X^. #<^l7l ^tb J£ ^J-^lS., -S-71 ;«lll ^a!l- <a;^tb Tle)^^ "gcH^ ^<^1 

^i^^i ^7] Ol^ £51-^(1130)71- Al^Sli^ ^ ^Cl-. -^^71 ^£^1 ^#^71 
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(IIOO)S] ;^112 aVA}!- ^c^o> ^7] nfl^oll, ^7] JiaVAV^C 1155)0] 3.^5\x^ o]9]- ^ 

7l o]^ £sl-s.(1130)^ ^-^» ^o^7l ^12 ^31)- ziz^-^ ol^^s. ^^^^>^ ^o] tiV^^^fcf. ^ 
^-B-fiV^l J:^^ <y^^^oi]A-lo> Ji^^>7l nflg-ofl, 7]1^*>7] 2.:= 

^7] ^^^71(1100)^ ^11 ^<^1 ^tb ^7] o]^ £3i|-s(1130)s] ^-^ofli?]: 

^<^1 ^l^^^M. ^, ^7] ^^^-^9^- t}^] tiV^^l W^7](1100)^ 

^12 ^tb £5|-S.(1130)^ ^^^]^ S.^ '^^^ ^^^^ €-a-7> ^^cf. 

^ 'a^-^-ofl'S ^^>» ^7] ti>£^l ^#^7121 olS. ji;gofl ^]o]^ 

o]^ ^^S.^ Ssl-S^ ^ Jl^ ^i^Hl ^71 W^7l^ ^-I*} A 
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l^^^^ 1] 

^7] o]^ ^§>i^ ;^li ^^<^1 tifl:^!^ ;^li ^^># ^wl^l-^ ^^>#* 
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[^^*J- 51 

^11«J-<^1 Sl^^i, 

#<^W71M- ^^l^l^ S.JE. 5L^^# *m ^£^1 

71. 

I^^^IJ- 6J 
7] 

^7l 3.^ <^^^ ^7] ;^ll "^^Sq- ^^-^S. b:]-^ o]^ JL^^ W]- 

£^1 %#^7l. 
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[^^^J- 81 

^.o] ^o}^]7]^ 2.^ ^^-^.S. *m <^1^ 

9] 

a.^ <=g^l:^ ^1-71 ^11 ^ >^112 ^^>^ ^^^S. o]^ 

^^^^ ^^^7l. 

10] 

-^1-71 z^- a:^ cg^^ oi;§t!- ^^>^ "^^-f-^ ^^^-i- ^^-2.5. o]^ ji;^^^ 

11] 
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